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Net intestinal absorption of calcium in patients with chronic
renal failure. Most patients with chronic renal failure consume a
smaller amount of calcium than normal. Net calcium absorption
in such patients is negative, whereas in normal subjects on a
similar calcium intake net calcium absorption is positive. The
absorption of calcium in the remaining patients whose intake is
by choice within or above the normal range may be normal. There
is a statistically significant correlation between the calcium con-
tent of the self-chosen diet of patients with chronic renal failure
and net calcium absorption. The absorption of calcium in patients
with chronic renal failure and in normal subjects when ingesting
large amounts of supplemental calcium is the same.
L'absorption intestinalc ncttc dc calcium chez des patients en
insuffisance rénale. La plupart des malades atteints d'insuffisance
rénale chronique ingére moms de calcium que les sujets normaux.
L'absorption nette du calcium chez ces malades est negative alors
que chez les sujets normaux l'absorption est positive pour un
apport de calcium égal. L'absorption du calcium est normale
chez les autres malades dont l'ingestion est dans ou au-dessus de
l'eventail des valeurs habituelles. 11 existe une correlation sta-
tistiqucment significative entre le contenu en calcium de l'ali-
mentation librement choisie par un malade atteint d'insuffisance
renale chronique et l'absorption nette de calcium. L'absorption
de calcium chez les malades atteints d'insuffisance rénale chro-
nique est Ia méme que les sujets normaux quand tous deux
ingerent de grandes quantités de calcium supplémentaires.
In chronic renal failure patients are usually in negative
calcium balance due to a decreased net intestinal absorption
of calcium [1]. We have noticed, however, that the calcium
intake of such patients is usually low. In the few patients
whose calcium intake is normal or greater than normal we
have found that net absorption of calcium may be normal.
It is not clear whether the apparent impairment in the
ability of patients with chronic renal failure to absorb cal-
cium is due to the low intake of calcium or to an inherent
disturbance related to chronic renal failure. Studies of
calcium balance in normal subjects have usually been per-
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formed when they have been eating a normal quantity of
calcium. There is, however, Malm's well-documented study
[2] of the calcium intake of normal subjects on an experi-
mental low calcium intake. The purpose of this paper is to
compare the intestinal calcium absorption of patients with
chronic renal failure and of normal subjects when on a wide
range of calcium intakes using our own data on patients and
normal subjects [3—6], and Malm's data on normal sub-
jects [2].
Methods
Our own data. Balance studies [3—6] were carried out in
a metabolic ward according to the principles of Reifenstein,
Albright and Wells [7] on 29 patients (13 male and 16 fe-
male) with chronic renal failure and seven normal subjects
(six male and one female). The diet was arranged so that
each individual continued to receive approximately the
same daily intake of calcium and phosphorus that he or she
had been having before admission to hospital. In the
patients, the intake of calcium varied from 0.20 to 2.13
mEq/kg/day and in the normal subjects from 0.54 to 0.97
mEq/kg/day. After seven to ten days the intake of calcium
was increased by adding 100 to 500 mEq of elemental cal-
cium per day, as calcium citrate [6], calcium carbonate [4],
or calcium carbonate and phosphate [3]. No supplements
of Vitamin D were given. The balance studies on the high
intake of calcium were carried out for 21 to 45 days. Calcium
was estimated in the food, urine and feces [6]. Chromium
sesquioxide was used as a continuous fecal marker [8]. The
administration of chromium sesquioxide was started at the
same time as the diet, and the balance study was begun
four to seven days later. The net absorption of calcium was
taken to be the difference between the intake and the
amount found in the feces. There were at least two control
periods of four to seven days. The fecal collection period
immediately following the onset of supplemental calcium
administration was discarded. The net absorption during
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the administration of calcium was the mean of all the results
obtained after this equilibration period.
Maim's data. These were obtained from Maim's studies
[2] on healthy, adult Norwegian prisoners. Twenty-six
men were studied after they had been placed on a low
calcium intake of 0.22 to 0.47 mEq/kg body wt/day.
Balances were carried out for 70 to 812 days.
The techniques used to estimate calcium in our studies
were not the same as those used by Malm. In our studies
calcium was estimated in solutions of ashed diet and feces,
and in urine by flame photometry. Malm precipitated
calcium as oxalate from nitric acid—perchloric acid digests
of diet, feces and urine and estimated the calcium by per-
manganate titration. It has been shown, however, that the
calcium balance estimation is the same whether the ashing
technique or the nitric acid—perchloric acid digestion tech-
nique is used [4]. It has also been shown that oxalate preci-
pitation followed by permanganate titration gives similar
results to those obtained by flame photometry [9 and
personal observation of the authors]. It thus appears
reasonable to combine the two sets of data.
Results
Relation of calcium intake to net calcium absorption in
patients with chronic renal failure and normal subjects on a
normal self-chosen diet (Table 1 and Fig. 1). In the 29 pa-
tients with chronic renal failure there was a statistically
significant correlation between the calcium content of their
self-chosen diet and net intestinal calcium absorption. The
probability of the slope of the linear regression of net
calcium absorption against calcium intake being zero was
less than 0.01. The correlation coefficient (r) was 0.713.
Fig. 1 illustrates the results obtained in these 29 patients
and in seven normal subjects when eating their usual self-
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chosen food. The calcium intake of patients suffering from
chronic renal failure tended to be lower than that of normal
subjects. It is also apparent that in 13 of the 14 patients with
chronic renal failure whose intake was below the range of
that of our seven normal subjects there was a net loss of
calcium from the gut in that the content of calcium in the
feces was greater than in the food. There were 12 patients
who had a calcium intake within the range of the seven
normal subjects. In six of these there was a net loss of
calcium from the gut, whereas in five there was a net ab-
sorption of calcium from the gut in that the amount of
calcium in the feces was less than in the food, and in the
remaining patient the fecal and food content of calcium
were equal. There were three patients who had a calcium
intake which was much greater than that of the normal
subjects. In two of these there was a net absorption of
calcium.
Relation of calcium intake to net calcium absorption in
patients with chronic renal failure and normal subjects on
their normal self-chosen diet and experimentally low or high
calcium intakes (Table 1, Figs. 1 and 2). Fig. 2 illustrates
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Fig. 2. Relation between calcium intake and calcium absorption
in patients with chronic renal failure (.) and normal subjects (0).
The circles (o) in the area bounded by the interrupted line re-
present MaIm's [2] 26 normal subjects on an experimental low
calcium diet. The other circles (o) and solid dots (.) below 1.1
mEq/kg/day calcium intake and the two arrowed solid dots are
the same data as shown in Fig. 1. They illustrate the 29 patients
and seven normal subjects on their usual self-chosen intake of
calcium. The remaining circles and solid dots, that is, all those
above 1.1 mEq/kg/day calcium intake (except the two arrowed
dots) represent 21 of the 29 patients with chronic renal failure
and the seven normal subjects when taking supplementary cal-
cium.
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Fig. 1. Relation between calcium intake and calcium absorption in
patients with chronic renal failure (.) and normal subjects (o) on
their usual self-chosen diet.
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Fig. 4. Calcium intake plotted against plasma creatinine in
patients with chronic renal failure.
the same data as in Fig. 1 and, in addition, data from three
other groups are shown; 1) Maim's 26 normal subjects on
a low calcium intake, 2) 21 of our 29 patients with chronic
renal failure, and 3) our seven normal subjects on a high
calcium intake. In contrast to the patients with chronic
renal failure the normal subjects have a net intestinal ab-
sorption of calcium, however low the calcium intake. When
the intake of calcium is high, however, the net absorption
of calcium of the patients with chronic renal failure and the
normal subjects is the same.
Relation of calcium absorption to age in patients with
chronic rena/failure and normal subjects on normal and low
calcium intakes (Table 1, Fig. 3). Fig. 3 illustrates that the
age range of all the normal subjects (our seven and Maim's
26 patients) was the same as that of the 29 patients with
chronic renal failure. It also illustrates that net calcium
absorption in the patients was not related to age; in three
0.3
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Age, years
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Fig. 3. Calcium absorption plotted against age in 29 patients with
chronic renal failure (.) on their self-chosen food, and in 33 normal
subjects (o), 7 on a normal diet, and 26 on an imposed low calcium
diet.
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of the ten patients below the age of 40 and in five of the 19
above the age of 40 the net intestinal absorption of calcium
was positive.
Relation of calcium intake to plasma creatinine in the
patients with chronic renal failure on their self-chosen diet
(Table 1 and Fig. 4). Fig. 4 illustrates that there is a tend-
ency for the calcium intake to decrease as the plasma
creatinine rises. This fall does not reach conventional values
of statistical significance.
Malm's results demonstrate that if normal subjects are
placed on a diet low in calcium, net calcium absorption
remains positive. In contrast the results described here
demonstrate that in patients suffering from chronic renal
failure who spontaneously eat an equally low calcium diet,
the fecal content of calcium is greater than the dietary
calcium. The depression in calcium absorption of patients
with chronic renal failure when they ingest a diet low in
calcium is, therefore, abnormal. Nevertheless when the
self-chosen diet of such patients contains normal quantities
of calcium net calcium absorption tends to become positive.
There is thus a statistically significant correlation between
the amount of calcium contained in the self-chosen diet of
patients suffering from chronic renal failure and net calcium
absorption. The diminution of net calcium absorption is
unrelated to age (Fig. 3). When the ingestion of calcium is
increased with the addition of supplemental quantities of
calcium net calcium absorption is the same in patients with
chronic renal failure as it is in normal subjects.
Fecal calcium consists of unabsorbed dietary calcium and
calcium which has been secreted into the lumen of the gut
13 15 and not reabsorbed. Net calcium absorption, which is
calcium intake minus fecal calcium, does not differentiate
between these two sources of fecal calcium. Changes in net
29 calcium absorption can therefore be due either to a change
in calcium absorption or to a change in the amount of cal-
cium secreted into the lumen of the gut. Absorption of
ingested calcium can be measured by a double isotope
technique [10]. This method, however, only measures the
absorption of an oral bolus of inorganic calcium in the
fasting state. The relevance of this measurement to the
absorption of dietary calcium from day to day is not clear.
This technique was recently used by Recker and Saville [11]
who claimed that there is a tendency for patients with very
advanced chronic renal failure to have increased absorption
of ingested calcium. If this were true it would suggest that
the diminution of net calcium absorption in chronic renal
failure is not due to diminution of the absorption but to
increased secretion of calcium into the gut. The original
authors of the technique [10], however, pointed out that
the calculated absorption will be incorrect if the double
isotope method is used in subjects with delayed intestinal
absorption of ingested calcium. After a load of radioactive
calcium in chronic renal failure the rise of concentration of
262 Clarkson et a!
radioactive calcium in the plasma is prolonged ([12] and
R. F. Jewkes, personal communication), which indicates
that absorption of ingested calcium is delayed. As Recker
and Saville [11] did not take this delay into account, their
conclusions must be treated with reserve. The apparent
increase in the absorption of ingested calcium which only
occurred in the most sick patients is probably due to this
error. it is concluded that there is as yet no evidence that
the depression of net absorption of calcium in chronic
renal failure is not associated with a depression of absorp-
tion of ingested calcium.
The abnormality of net calcium absorption in chronic
renal failure is particularly evident when the patient is on
a low calcium intake. It is unfortunate therefore that the
diet of most patients with chronic renal failure contains so
little calcium. in some patients it is possible that the re-
duced intake of calcium is due to anorexia. This is supported
by the finding that there is a tendency for the calcium intake
to decrease as the plasma creatinine rises (Fig. 4). Some-
times, however, it is imposed unwittingly when the patient
is placed on a low protein diet. The calcium content of the
low protein diet of Shaw et al [13] was 21.5 mEq/day. This
is well below the range of our normal subjects, and the
range for normal subjects given by Nordin [14]. Comty [15]
describes five diets for chronic dialysis patients which con-
tain 39 to 68 g of protein/day; they provide 24.5 to 35.5
mEq of calcium/day. It appears therefore that the higher
the intake of protein, the higher the intake of calcium. Ford
et al [16] studied nitrogen balances in patients with chronic
renal failure when on varying quantities of protein. They
concluded that in order to be in nitrogen balance the protein
intake should be 0.5 g/kg/day, that is, 35 g for a 70 kg man
which would contain less than 25 mEq/day of calcium. It
should also be pointed out that in chronic renal failure the
intake of dietary phosphate is often intentionally restricted.
This has the undesirable effect of also restricting the intake
of calcium. Furthermore, aluminium hydroxide is often
given so that in addition to a negative calcium balance there
may be a negative phosphate balance [4].
It is not known whether the negative calcium balance in
patients with chronic renal failure contributes to the de-
velopment of renal osteodystrophy. If, however, it is
considered that such patients should be in calcium balance
it would appear from the data presented here that they
should have a calcium intake of about 1.5 mEq/kg/day,
i. e. 2010 mg for a 70 kg man. it is also clear from the data
presented here that the added calcium can be given as oral
calcium carbonate. This is preferable to giving the additional
calcium as milk, as the latter also increases the intake of
protein and phosphate. Increasing the intake of phosphate
should certainly be avoided for it has recently been de-
monstrated that a high intake of phosphate is an important
factor in the development of hyperparathyroidism in chronic
renal failure [17]. There are several other advantages in
giving calcium carbonate. The rise in plasma calcium which
it induces lowers the raised level of plasma parathyroid
hormone (J. L. H. O'Riordan, personal communication)
while the fall in plasma phosphate which it causes lowers
the plasma calcium x plasma phosphate product and
diminishes the risk of metastatic calcification. Calcium
carbonate also raises the plasma bicarbonate which partially
corrects the metabolic acidosis [5]. in addition it must be
emphasised that if the administration of oral calcium causes
hypercalcemia it is immediately reversible on stopping the
calcium administration. This is in contrast to the hyper-
calcemia of Vitamin D administration.
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